Real time measurements may assist surgeons in obtaining negative or cancer free margins during lumpectomy to eliminate invasive re-excision. Previous findings show that highfrequency ultrasound can differentiate between a range of breast pathologies in surgical specimens. Two parameters, peak density and second-order spectral slope, are sensitive to histopathology. Our objective was to determine the mechanism linking high-frequency ultrasound to histology. The hypothesis is that ultrasound sensitivity is a function of the microscopic heterogeneity (and thus histology) of the tissue. Ultrasonic results from breast specimens were used to construct a multivariate analysis of the parameters that permitted differentiation of normal, adipose, benign, and malignant breast pathologies.
New ultrasonic parameters discovered in this study are sensitive to the microscopic structure of breast tissue glands. These parameters not only allow malignant pathologies to be distinguished from benign conditions, but may also permit different types of cancer to be identified based on their microscopic ultrasonic properties. As a result, this new ultrasonic technology has significant potential for differentiating between different types of cancer. Many other methods being researched are incapable of similar selectivity. Beyond the treatment of breast cancer patients, our technique can also be applied to Moh's surgery (the technique used to assure complete removal of skin cancers) and any other cancer or disease where obtaining tumorfree margins is an important part of the treatment. New data analysis methods supply greater detail that can be utilized in distinguishing between many breast pathologies, thus providing surgeons with new information to operate with greater accuracy. For example, preliminary results visibly display the potential of the ultrasonic method to ascertain the presence of lobular carcinoma (LC). As shown in Figure 2 , the peak density of LC (an ultrasonic parameter derived from data analysis and computer simulation) is greater than that of other pathologies. The sensitivity of the high-frequency ultrasonic data to LC (particularly invasive lobular carcinoma or ILC) has immense surgical implications since LC is one of the most difficult cancers to fully remove in a lumpectomy.
Part of the continuing research includes improving the data analysis methods by looking at various combinations of data sets. One example includes comparing the calculated attenuation (decrease in amplitude) and peak density (concentration of "waves") of an unknown specimen against a specific pathology. High-frequency array methods are also being explored to improve the imaging capabilities of this technique. Further testing of surgical specimens will likewise help to increase the accuracy and reliability of the method. 
Procedure
The first-order spectra were obtained from through-transmission waveforms, whereas the second-order spectra were obtained from pulse-echo waveforms. This approach allowed clear differentiation between breast tissue pathologies. 
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PRELIMINARY RESULTS
Breast Histology Correlations
Previous pathologic data reveals that tissue heterogeneity increases from fibroadenoma (mostly stroma) to normal breast tissue to LCIS (tumor proliferation in lobules). Heterogeneity correlated directly with peak density and inversely with slope. A Fast-Fourier-Transform (FFT) was performed on the both the raw waveforms as well as the first order spectra. The peak density, or number of peaks and valleys, from first-order spectra as well as the normalized slope from second-order spectra were calculated.
Application
Malignancies form either within the lining of milk ducts (ductal carcinoma) or the lobules of the breast that produce milk (lobular carcinoma 
Statistical Significance
The t-test results for differentiation from normal tissue using a one-way ANOVA test demonstrated a 5% significance level for peak density and close to 1% significance level for normalized slope. 
Pathology
Peak density Slope
Lobular carcinomas
Classification Techniques
Additional classification procedures to be further explored include principle-componentanalysis (PCA), minimization of the second vector norm, and logistic regression.
DISCUSSION
The data show repeatable correlations between tissue heterogeneity and peak density of firstorder spectra corresponding to ductal and lobular carcinomas in human breast tissue.
Furthermore, the standardized slopes of the second order spectra are the lowest for normal ductal structures, such as normal breast tissue and medullary collecting ducts. However, these correlations are less repeatable for slope of second-order spectra.
CONCLUSIONS
Tissues with greater peak densities in 1 st -order spectra exhibit more complex (or less uniform) histology as well as larger or more widespread heterogeneities. Tissues with lower slopes in 2 nd -order spectra exhibit normal microscopic ductal structures, such as shown between normal breast glands and renal medulla. The results support hypothesis that high-frequency ultrasound is sensitive to microscopic heterogeneity-and thus histology-in tissues. Further applications include intraoperative evaluation of margins during breast cancer surgery in addition to real-time pathology detection for other cancers and procedures.
